Abstract A person's socioeconomic status (SES) can affect health (social causation) and health can affect SES (health selection). The findings for each of these pathways may depend on how SES is measured. We study (1) whether social causation or health selection is more important for overall health inequalities, (2) whether this differs between stages of the life course, and (3) between measures of SES. Using retrospective survey data from 10 European countries (SHARELIFE, n = 18,734), and structural equation models in a cross-lagged panel design, we determine the relative explanatory power of social causation and health selection through childhood, adulthood, and old age. We use three ways to measure SES: First, as a latent variable capturing different aspects of SES, second as material wealth, and third as occupational skill level. Between childhood and adulthood, social causation and health selection are equally important. In the transition from adulthood to old age, social causation becomes more important than health selection, making it the dominant mechanism in old age. The three measures of SES produce similar results. Only material wealth shows a stronger effect on health (between childhood and adulthood); it is also more affected by health (between adulthood and old age) than the other measures.
Introduction
That health is poorer and mortality is higher in groups with lower socioeconomic status (SES) has been documented in numerous studies and for all periods and countries for which data are available. Health inequalities usually amount to between 5 and 10 years' difference in life expectancy and between 10 and 20 years' difference in disability-free life expectancy between groups with low and high SES (Mackenbach 2006) . Health inequalities can be analyzed with different indicators for SES, the most commonly used being education, occupational class, occupational status, and material factors such as income or wealth. While health differences have been found for all these SES indicators (Hoffmann 2008; Lahelma et al. 2006; Miething et al. 2013; Torssander and Erikson 2010) , the size of the gradients differs between them, especially in multivariate analyses, and it is generally agreed that they should not be used interchangeably. This is because they represent different aspects of SES that are related to each other, and linked to health by different mechanisms (Geyer et al. 2006) , each of them worth investigating in order to better understand the links between SES and health. This does not call into question SES as a construct. In case of SES indicators correlating highly, using only one would suffice for empirical research on health inequalities, and the others would thus be superfluous. However, due to high degrees of status inconsistency, correlations between SES indicators are usually small or moderate (Geyer 2008; Lahelma et al. 2008 ). This implies that it is necessary to consider all dimensions separately and to check whether the results differ from each other and from results with latent constructs that exploit joint variation of different SES dimensions. This approach has also been used with outcomes other than health, e.g. students' achievements in a cross-country comparison (Marks 2011) .
A second line of research on health inequalities deals with the question of whether the relationships between SES and health are primarily due to the influence of SES on health (social causation) or to the influence of health on SES, or due to common background factors that influence both SES and health. Our study combines these two lines of analysis and investigates the relative explanatory power of social causation and health selection over the life course, and whether the results vary between age groups and dimensions of SES.
Background

Health Inequalities and the Causal Direction Between SES and Health
Morbidity and mortality rates are systematically higher among people with lower SES. While average health and life expectancy have improved over time in almost all countries, relative health inequalities are also increasing (Mackenbach et al. 2015b ). The economic costs of health inequalities in the EU have been estimated at about 1000 billion € per year, which is 9.5% of EU GDP (Mackenbach et al. 2011) . Despite the fact that health inequalities are an urgent and recognized public health problem (Elo 2009) , there is still some controversy surrounding discussions on the fundamental mechanisms that create health inequalities (Chandola et al. 2003; Galama and van Kippersluis 2010) . The debate is centered on the relative importance of social causation and health selection. Although both pathways involve causal effects, throughout the text we will refer to the first as causation and to the second as selection. A third causal model to explain health inequalities is that (unknown) background factors influence both SES and health (indirect selection) (Goldman 2001a) . These factors may be genetic endowment, family background, or individual characteristics (genetic or acquired), such as height, personality, or preferences with regard to behavior and lifestyle. This third causal model is most difficult to test empirically. Hence, in our study, we concentrate on the relative explanatory power of causation versus selection for the creation of health inequalities over the life course. We also deal with indirect selection, both empirically and by discussing to what extent it can be addressed in empirical studies by different approaches.
In disciplines such as health sociology and health economics, there is disagreement concerning the relative importance of causation versus selection, due not only to different underlying ideas of the relation between social structure and individual agency, but also to different research designs and methods, as well as divergent concepts of causality. Besides empirical findings that make social causation plausible, there are theoretical arguments against health selection which address the timing of cause and effect over the life course. For example, it is claimed that although health changes in middle and old age can no longer influence formal education, there are considerable health differences between educational groups (Haan et al. 1989) . A central proposition of the selection hypothesis is that social mobility is partly due to health. While there are indications for a certain level of health-related social mobility in early adulthood when people enter the labor market (Smith 1999) , the relationship between health and social mobility is fairly weak (Kröger 2015a) . Moreover, the chronology of social mobility at younger ages and increasing health problems at older ages seems to contradict the proposition of the health selection hypothesis, which postulates the reverse order: pre-existing health differences going on to influence SES. While these arguments against health selection and related findings seem persuasive, "it is too easy to write off health selection as of little or no significance" (West 1991, p. 373) , if one wrongly assumes that it works through mainly biological or genetic mechanisms: This ignores the social and sociological aspects, for example the social significance of health and processes of social mobility. From a methodological perspective, it is often overlooked that reverse causality from health to SES can bias the coefficients of conventional statistical models if the direction of causality is simply assumed (Hertzman et al. 1994) .
Few epidemiological studies have examined the possibility of health selection (e.g. Blane et al. 1993; Chandola et al. 2003; Lundberg 1991) and the majority of authors in the fields of health sociology and social epidemiology believe that health selection is not very important (Goldman 2001b; Manor et al. 2003; Marmot et al. 1997) . Although a small direct effect of education on health is widely agreed on Gathmann et al. (2015) , many economists think that the influence of material resources on health is low, and that the influence of health on material status is the strongest overall causality in the relationship between SES and health (Galama and van Kippersluis 2010) .
A recent literature review on the relative importance of causation versus selection evaluated 34 out of 2952 reviewed studies from the past 20 years, qualitatively and in a metaanalysis . The result is that, across disciplinary boundaries, there is no preference for one of the two causal directions. 12 studies supported causation, and 10 supported selection-the other studies supported both directions equally.
Our first aim is to find out whether pathways of causation have more explanatory power than pathways of selection. The causal direction between SES and health is part of an ongoing discussion between different fields of social sciences, with several important normative and political implications regarding the acceptability of health inequality, and appropriate interventions to tackle it. It also raises complex methodological questions 1 3 concerning the analysis of causal effects in a longitudinal life course framework. We do not claim to reveal causal effects as they are understood in the potential outcome or counterfactual framework-for example, what happens to the SES of an average individual after a change in health or vice versa (Rubin 2005) . Instead, we estimate how much of the variation in SES in our sample can be explained by health earlier in the life course and, complementarily, how much of the health variation can be explained by prior SES. Throughout the text we use the terms effect and influence in terms of explanatory power.
Our second aim is to establish whether our findings differ between age groups. It has been proposed that, to the extent that selection is important, it should peak in childhood (Marmot et al. 1997; West 1991) and in early old age, when inchoate health problems affect the ability to work (Smith 1998 (Smith , 2003 . Therefore, we study the interplay between SES and health in two broad stages of the life course. Finally, our third aim is to find out if there are differences in the relative importance of social causation and health selection between different dimensions of SES and different ways to measure it. For the mere relation between health and SES, differences between dimensions of SES have been found in earlier research (e.g. Elgar et al. 2016) . Warren (2009) has looked at social causation versus health selection, testing different health measures. We add to this literature by comparing material factors and occupation as two dimensions of SES, and a latent variable for SES, to see how this affects the results for causation versus selection, which has not been done before. Beyond this, our study combines a number of innovative strengths; first, we start early in the life course by measuring the very beginning of the development of health and SES, gradually proceeding to old age. This is crucial for disentangling causality between related processes (Heckman 1981) . Second, we use measurement models for latent variables, which reduces measurement error. The substantial influence of measurement error on results and conclusions in a cross-lagged panel design has been shown in previous research (Kröger et al. 2016b ). Third, we use structural equation models that can simultaneously model two pathways (causation and selection), also taking into account indirect selection to the extent to which it creates a correlation between health and wealth.
Pathways Between SES and Health for Various SES Indicators
Studies on health inequality often choose one or more stratification variables, such as education, material wealth, or occupation, to measure the association between SES and health. The health selection hypothesis suggests that the same variables for social stratification can also be influenced by health; for example, poor health in childhood can limit educational achievement. In the following, we will briefly review existing evidence on the pathways between health and the most common SES indicators-education, occupation, and material wealth-illustrating why the relative importance of causation versus selection may vary between these indicators. We do not consider other determinants of health and health inequalities, such as place of living, gender, and ethnicity, that partly have to do with fixed non-social characteristics; we focus on dimensions of individual SES that are the result of social processes of distribution, and separate all analyses by gender.
Education means knowledge regarding health risks and health-promoting behavior. It provides cognitive skills for dealing with complex information, such as the effect of behavior on health and access to healthcare institutions. Better education reduces stress and provides more effective coping and flexible problem-solving behavior (Braveman 2006) . Research on human capital has shown that education promotes cognitive and non-cognitive skill formation. These skills in turn facilitate the accumulation of health capital through self-regulation and choices (Cunha and Heckman 2007) . The positive health effect of education as 'learned effectiveness' is cumulative and self-amplifying, because education increases the sense of control, which shapes healthy life styles. The perceived success in controlling one's health determinants (e.g. weight control) creates incentives for further investments in health and other life domains (e.g. sporting activity) (Mirowsky and Ross 2003) . The observed overall association between education and mortality can be partly explained by material factors and behavior, because higher education means higher income and more healthy behavior (Schrijvers et al. 1999) . Better educated people also have more rewarding and healthier jobs, which is another indirect effect of education on health (Mirowsky and Ross 2003) . The use of education as an indicator for SES is widespread, because of its simplicity, availability, and comparability, even internationally. However, its significance as an indicator of SES and its benefit for health is also disputed. Some authors argue that education is not a direct measure of SES, but rather a mechanism by which individuals gain positions, and that it has little direct effect on health (Blane 2006) . Others claim that education is an important marker of SES (Lynch and Kaplan 2000) . Analyses of school reforms as natural experiments have demonstrated a small positive causal effect of education on health (Gathmann et al. 2015) , but there is also ample evidence that education is affected by poor health in childhood (Haas et al. 2011 ) because poor health may limit children's school participation and opportunities to develop educational and cognitive skills.
Although we consider education to be an important dimension of SES and to be closely related to health, we do not include it in our comparison of alternative SES measurements, because it is fixed in early adulthood and can only be influenced by health up to this point. Likewise, we do not interpret education as a common background factor for health and SES (West 1991) . Instead, similar to Warren (2009), we represent education as a mediator that can contribute to causation and selection between childhood and adulthood, and can have a long-lasting effect on old age via adult SES and adult health.
Occupation influences health through the general position in society that a job can provide, and through physical and mental health risks at the workplace. Occupation is partly determined by education and in turn determines income, and may not have much effect on health net of education and income (Warren and Kuo 2003) . However, there is a long research tradition demonstrating specific causal pathways from occupations with a negative effort-reward balance to stress and heart disease (Siegrist and Wahrendorf 2016) . A related argument is that jobs that involve more productive self-expression, rather than selfsuppression, favor health, and that better educated people are more likely to find such jobs (Mirowsky and Ross 2003) . Occupation may also be affected by health selection, in the sense that health affects career trajectories, occupational status, and occupational class, because unhealthy people are less able to invest energy and time in their occupation and because of labor market discrimination against unhealthy people (Kröger 2015a) .
The practical implementation of occupation as an SEP indicator is limited by the fact that not all people work, be they homemakers or retired people no longer exposed to current work conditions. Occupational class is thus considered less important than education and income for retired people (Hoffmann 2008; Huisman et al. 2003 ), but it is unknown to what extent the association between past occupational class and health decreases after retirement.
Material wealth has been shown to be strongly associated with mortality (Tarkiainen et al. 2012) . It influences health and mortality through the affordability of health care, environmental hazards, consumption, and the psychological burden of being poor. Consumption includes a healthy diet, good housing in a safe environment, and quality healthcare.
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Besides material explanations of the benefits of income, it also enhances effective capabilities, control, freedom, and the general ability to achieve goals (Mirowsky and Ross 2003; Robeyns 2011; Sen 1999) . The effect of income on mortality has been found to be large compared to education and occupation (Torssander and Erikson 2010) . Nevertheless, there is also a strong association between education and income, partly because higher education provides better opportunities on the labor market (Autor 2014) . Consequently, income (or material conditions more generally) has indeed been found to partly mediate the effect of education and occupation on mortality (Schrijvers et al. 1999) . Income and other material factors may also be influenced by health, because of two mechanisms: First, unhealthy people often earn less, because they invest less in their occupation and because they are less likely to be promoted (Contoyannis and Rice 2001) ; second, unhealthy people may spend financial resources on medical care expenditures (Smith 2004) . In fact, for the association between material factors and health, there is wide-spread debate as to whether they reflect a causal effect of material factors on health or the effect of health on material wealth (Galama and van Kippersluis 2010; Martikainen et al. 2009 ).
Our hypothesis for the comparison of three different SES measures is that wages and income, as sub-dimensions of material wealth are especially prone to being influenced by health, because of their volatility. They should be more influenced by health than education (that can, by definition, only be influenced by health early in life) and more than occupational position, which also reacts more slowly to health than income. The opposing hypothesis is that all three measures reveal a similar relative importance between causation and selection, despite different mechanisms linking them to health. This hypothesis can be based on the fundamental causes hypothesis by Link and Phelan (1995) , who argued that each dimension provides a set of resources that enables the individuals to develop and enact strategies in different circumstances that are beneficial to health. It is claimed that the socioeconomic status "embodies an array of resources, such as money, knowledge, prestige, power, and beneficial social connections, that protect health no matter what mechanisms are relevant at any given time" (Phelan et al. 2004, p. 265) . A similar argument is that while each dimension of SES has a unique relation to health, between them, there is "some common element of social ordering that may be operating to influence health" (Adler and Ostrove 1999, p. 10) . Others have claimed that "control" is one such overarching resource that is beneficial for health (Geyer 2016 ).
Life Course Framework
Health inequalities can be best explained by a life course approach (Mayer 2009 ), because they are the outcomes of the interaction of two life-long processes: First, the development and changes in a person's SES; these changes can be understood as a process with critical periods and transitions, with path dependencies and accumulations (Dannefer 2003) . Second, the development and changes in a person's health, which are determined by fixed individual characteristics, social influences, behavior, and institutional settings, and also have critical periods, path dependencies, and accumulations of health problems or recovery (Kuh et al. 2003) . The causal direction between SES and health can be studied best in a life course framework, because the interplay between SES and health is a long-term process. The life course perspective offers the additional possibility to check whether the relative importance of causation and selection changes over time, which indirectly also reflects the fact that different aspects of SES have their own unique timing and change their effect on, and their responsiveness to, health over time. For example, material factors may be especially important for elderly people, because material factors take over the role of occupational class and status after retirement (Avlund et al. 2003 ). Studying such differences in a life course perspective reflects the processual character of SES, health, and health inequalities and is important for understanding health inequalities, measuring them at different ages, and also for addressing them with policies that might apply to different ages and life course stages.
Data and Methods
Data
We use the third wave (SHARELIFE, version 5.0.0) of the Survey of Health Aging and Retirement in Europe (SHARE) (Börsch-Supan 2016) . The data represents the population 55 + and their spouses living in households in the selected European countries. SHARE-LIFE contains information on health and SES at the time of the interview, and detailed retrospective information on events and changes in health and SES (Börsch-Supan et al. 2013) . It has been used in numerous life course studies on SES and health (e.g. Kröger et al. 2016a; Pakpahan et al. 2017) The data was collected with personal interviews at home using computerized questionnaires. We limit our analysis to 10 countries (Austria, Belgium, Denmark, France, Germany, Italy, Netherlands, Spain, Sweden, and Switzerland) because for Poland, the Czech Republic, and Greece information on wages was not comparable over the life course or contained too many missing values. We also limit the analyses to persons aged 55-90 at the time of the interview in 2008/2009. The sample size is 18,734 and the average response rate across countries is approximately 60% (ranging from 40 to 80%). Details of participating countries are provided online (http://www.share -proje ct.org/ data-acces s-docum entat ion/sampl e.html). For a description of the sample and the variables see Table 1 .
Measures
We divide the life course into three periods: childhood (age 0-15), adulthood (age 30-50), and old age (age 55-90). For childhood we use available indicators in SHARE that refer to childhood in general or to age 10. For adulthood we decided to start at age 30 when most educational trajectories are finished and individuals' own occupation and income can be reported with sufficient validity. The starting age of the oldest group is set at age 55, because we use the third wave of SHARE that was representative of the population aged 50 + in its first wave 6 years earlier.
For each of these stages, we employ three different strategies to measure SES: The first strategy is to use measurement models that estimate latent variables, using indicators from different dimensions of SES (composite measure). In childhood these indicators are: the number of books in the household, the number of rooms per person, and the occupational skill level of the father within four levels of the International Standard Classification of Occupations (ISCO). The first is an indicator of the educational level and the cultural capital of the household, the second is a measure of material welfare, and the third is a measure of occupational skill level of the father that is assumed to also influence the childhood conditions of the respondents. Education, occupation, and material welfare are related to health by the mechanisms discussed in Sect. 2.2. For adulthood, we use two indicators: (Weiss 2012 ). Again, occupational skill level and income are assumed to be related to health by the mechanism described above. The skill level is based on the ten 1-digit ISCO categories that we transformed into four levels according to their skill level (see Table 1 ). We used the skill level with the longest duration between ages 30-50. In old age, we measure SES with the net-equivalent household income at the time of the interview (ages 55-90) and with the supervisory status, which is the number of employees (if self-employed) or the number of supervised persons (for employees) in the current or last job. These two variables reflect the material wealth and the occupational status of the respondents that are assumed to influence health. The different measurements of SES over age reflect both data availability and the fact that, at different stages of the life course, different resources are relevant for an individual's SES: first one's parents' and then one's own occupation and salary, and ultimately the job or pension-based income and status that has been acquired over the life course. The second strategy is to focus on occupational position as an observed SES variable in each life course period. This is the occupational skill level of the father in childhood, one's own skill level in adulthood, and the supervisory status in the last or current job in old age. It is noteworthy that the overall SES associated with a certain skill level has changed between e.g. the 1950s and the 1990s, but we assume that despite distributional changes in the skill levels in the population, the ranking is still a valid indicator for this dimension of SES. The third strategy is to focus on material wealth as a measure of SES. In childhood, the indicators are the number of rooms per person and a summary index of features of the household (cold water, hot water, toilet, bath, heating). In adulthood we use wages, and in old age the net-equivalent household income. The variables used in each approach can be seen in Fig. 1 Health in childhood is measured by three indicators: self-assessed health in five categories, whether school was missed because of health for 1 month or more, and whether 1 month or more was spent in hospital. In adulthood, our health measure is based on three indicators reflecting the number of years individuals reported suffering from bad health, illness, or stress, respectively. In old age, health is measured with the indicators current self-rated health and grip strength, combining a subjective and an objective health indicator in one latent variable. Self-rated health is considered to be a good health measure and predictor for mortality. It measures the absence of disease and is a comprehensive measure of impairment, disease, and distress (Jylhä 2009 ). Grip strength is an objective measure and has become a popular indicator of physical functioning in surveys, being indicative of overall muscular and physical functioning, and predictive of mortality (Syddall et al. 2017 ). We do not include further control variables (for example on health behavior) because our aim is to estimate the total effects between SES and health, and we expect other variables to mediate these effects.
Analysis
We chose a model-based approach to causal analysis, using life-long retrospective data to study the interplay between SES and health in two different stages of the life course. The advantage of a model-based approach, compared to design-based approaches such as quasi-experiments, is the potential for simultaneously modeling two related processes (causation and selection) in which the outcome of one process is the predictor of the other. The assumption of this approach is that all relevant confounders are accounted for, resulting in a quasi-random distribution of the stimulus (conditional independence). Conditional independence in such a model means that the two processes are independent, conditional on the history of the joint processes (Blossfeld et al. 2007 ). The main confounders in our study are the early histories of SES and health. The causal concept behind our approach is "causation as a generative process", introduced by Cox (1992) , and further developed in sociology (Blossfeld 2009; Goldthorpe 2001) . It emphasizes the processual character of social phenomena and causal effects.
Observing almost complete life courses from parental and childhood characteristics to old age enables us to get as close as possible to a design that enables causal claims about SES and health. Many existing studies identify short-term causal effects between specific aspects of SES and health, for example with short time windows of five years and controlling for SES and health at baseline (Foverskov and Holm 2016) . We claim that such studies suffer from endogeneity bias if they do not control for baseline status, because baseline health is always influenced by prior SES, and SES influenced by prior health. On the other hand, controlling for baseline status disregards the important history of SES and health, without which causal estimates will be biased, too. Instead, our long-term life We estimate the parameters of a structural equation model in a cross-lagged panel design (Bollen 1989; Pakpahan et al. 2015 ) that represents the relative importance of causation and selection in different stages of the life course (Fig. 1) . The detailed description of the model in equation form can be found in the supplementary material. Structural equation models in a cross-lagged panel design have been used before to address the longitudinal interplay between SES and health (Warren 2009 ), dimensions of SES and deprivation (Laurijssen and Spruyt 2015) , or between health and life satisfaction (Headey and Muffels 2016) . A structural equation model consists of two kinds of model: measurement models to estimate latent variables based on observed indicators, and a structural model that estimates the paths between latent or observed variables. We model SES and health at three different stages as latent variables, except for the models where only one variable is used to measure SES (see Figs. 1, 2, 3 ). Our structural model estimates the paths' parameters between these latent or observed variables and observed education.
The parameters are estimated using mean and variance-adjusted weighted least squares (WLSMV) that have no distribution assumption (Finney and DiStefano 2006) . We present standardized coefficients in a uniform value range of − 1 to 1, making them comparable across paths and models. Our model takes the correlation between SES and health at all ages into account. Especially in childhood, this correlation can be due to common unobserved background factors, for example genetic factors or unobserved characteristics of the family. Thus, we address the common background factors mentioned above to the extent that such factors create a correlation between health and SES. The path parameters can be divided into two groups: first, the autoregressive parameters showing the effect of SES at t 1 on SES at t 2 (and the same for health); second, the cross-lagged parameters, showing how SES at t 1 influences health at t 2 (causation) or health at t 1 influences SES at t 2 (selection). The cross-lagged coefficients in the first life course transition (from childhood to adulthood) can be subdivided into direct and indirect effects, the latter being mediated by education. Direct and indirect effects can be combined to give the total effect. In previous analyses, we had added direct paths from childhood to old age, but these were not statistically significant and did not change the overall results (not shown below). This suggests that most of these effects are moderated by SES and health in adulthood (Pakpahan et al. 2017) . For the same reason, we do not model direct paths from education to old age outcomes.
We calculated the models on two levels: first, one analysis for all 10 countries combined; second, with countries grouped into three European regions (West, South, North) (only shown in the supplementary material). The regions roughly reflect different welfare state models: Austria, Germany, Netherlands, France, Switzerland, and Belgium represent West European welfare states, Denmark and Sweden the Scandinavian welfare model, and Spain and Italy Southern Europe. We consider this to be an explorative approach that illustrates the acceptable degree of heterogeneity within SHARE, and we do not claim to test specific welfare-state hypotheses. We use country dummies to control for unobserved national differences. We apply cross-sectional weights, provided by SHARE, that account for the unequal probability of becoming a sample member, and weight the observations to reflect differences in population size between countries. All models are calculated separately for men and women in order to check systematic gender differences in the relation between SES and health. Age at interview, also reflecting the birth cohort, is a control variable, but shows no significant effect on the results. Data preparation is performed in Stata 14.1, including user-written programs (Kröger 2015b) , and analyses in Mplus 7.4 (Muthen and Muthen 2015) .
Results
Results from structural equation models are shown in Figs. 1, 2 and 3 (as a graphical illustration of the model and the different types of measurement), in Table 2 (all coefficients, standard errors, and goodness-of-fit measures, including direct and indirect effects), and in Fig. 4 (only coefficients for comparing causation and selection). Factor loadings for all measurement models are given in Supplementary Table 1. The following presentation of the results refers to Table 2, while Figs. 1, 2 and 3 serve as a visual simplification of the main outcomes and different measurements.
When the cross-lagged effects are taken into account, the correlations between SES and health in each age group is generally negligible, except among men when the composite first measurement type ('SES') is used, where this correlation clearly increases with age, and reaches 0.47 in old age. The autoregressive coefficients for both socioeconomic status and health in Phase 1 (the transition from childhood to adulthood) range between 0.14 and 0.25, except for the path from childhood SES (CSES) to adult SES (ASES); this is 0.44 for men and 0.59 for women when the composite measurement is used. The coefficients can be interpreted as follows: 0.59 means that one standard deviation increase in CSES predicts a 0.59 standard deviation increase in ASES, or that 59% of the variation of ASES can be explained by CSES. These results show that SES and health depend on their prior status, and this effect is greater when using the composite measure of socioeconomic status.
CSES has a lot of explanatory power for education, which in turn explains to some extent adult health (AHEALTH). These two paths multiplied show the indirect causation path between childhood and adulthood. The direct causation path is weak, as is the total causation path from CSES to AHEALTH. Among the mechanisms that contribute to selection in Phase 1, the only strong path is that from education on ASES, but since health in childhood does not predict education, the total effect of selection is even smaller than the total effect of causation: It only reaches statistical significance among women when looking at occupational measures. To summarize the role of education: It is a strong mediator between CSES and ASES and displays some contribution to causation, but none to selection, because it does not depend on health in childhood. That means that, in the 10 SHARE countries, we cannot confirm previous findings that health in childhood affects adult SES through educational attainment (Haas et al. 2011) .
In phase 2 (the transition from adulthood to old age) the model is simpler because it does not involve indirect effects. As in Phase 1, the autoregressive parameters are high, and again highest for the composite type of measurement ('SES'). Causation is clearly higher than selection and always statistically significant.
The goodness-of-fit indicators show variable results: The Chi square is always significant, while the Root Mean Square Error of Approximation (RMSEA) shows very good fit for all models, i.e. the upper bound of the confidence interval is below 0.05. The Comparative Fit Index (CFI) is borderline, with a range between 0.839 and 0.902. We think that the lower values of CFI are acceptable, because the purpose of the study Table 2 Results from structural equation models on the relation between the socioeconomic status and health over the life course Standardized regression coefficients; countries = Austria, Germany, Netherlands, France, Switzerland, Belgium, Sweden, Denmark, Spain, Italy; S.E. = standard errors; C = childhood; A = adulthood (30-50); O = old age (55-90); SES = socioeconomic status; the three types of measurement are SES (composite measure), MAT (material factors), and OCC (occupational position); Phase 1 = transition from childhood to adulthood; Phase 2 = transition from adulthood to old age; for interpretation of the coefficients: e.g. 0.5 means that one standard deviation change in the independent variable results in 0.5 standard deviation change in the dependent variable; statistically significant coefficients (p < 0.05, two-tailed) are printed in bold is the comparison of the causation and selection pathways, and not to develop a best possible model of all interrelationships between material factors and health throughout the life course. For a more direct comparison of the two reciprocal effects, Fig. 2 shows only the related coefficients, by life course stages, gender, and type of SES measure. The confidence intervals in the graphs indicate whether a coefficient is statistically significantly different from zero, while the p values are from a Wald test of the difference between the two coefficients for causation and selection. For men in Phase 1, both pathways have the same low explanatory power. Only for the material measurement is causation higher than selection. The same is true for women in Phase 1. In the transition from adulthood to old age (phase 2), causation has much more explanatory power than in phase 1, Fig. 4 Relative explanatory power of social causation and health selection, by life course phase, gender, and type of measure for socioeconomic status (SES, MAT, OCC). Note: countries = Austria, Germany, Netherlands, France, Switzerland, Belgium, Sweden, Denmark, Spain, Italy; Phase 1 = transition from childhood to adult age; Phase 2 = transition from adulthood to old age; the confidence intervals show whether an estimate is different from zero (p < 0.05, two-tailed), while the p values are from a direct Waldtest for difference between the standardized coefficient for causation and selection and much more than selection, which makes causation the dominant pathway in phase 2 for both men and women. This overall pattern is the same across all types of measurement, with two exceptions regarding the material measurement: First, in phase 1, it affects health more than the other SES measures, which means that childhood health affects adult wages more than adult occupational skill level. Second, in phase 2, material wealth is slightly more affected by health than the supervisory status. It is noteworthy that there are no substantial gender differences in our results.
We also calculated results for two European regions and present them in Supplementary Figures 1 and 2 . In the North, the results deviate from the SHARE average for men in phase 2 for two types of measures (SES and OCC), and in the Western region no deviations appear. We conclude that these regional differences do not suggest a systematic pattern of differences for certain regions and that the result for the aggregated SHARE sample does not consist of too heterogeneous or inconsistent sub-samples. Unfortunately, the model with the two Southern countries did not converge, which shows that an analysis with only two countries can easily bring the sample size below the minimum needed for the estimation of our complex model.
Discussion
This study showed from a comprehensive life course perspective that, firstly, health and all three measures of SES substantially depend on their prior status and, secondly, in the transition from childhood to adulthood, that the social causation path was as important as the health selection path, while in the transition from adulthood to old age, causation was much more important than selection.
We found neither systematic gender differences nor clear differences between European regions that would allow the conclusion that welfare systems substantially influence the relationship between SES and health on this very general level. We acknowledge the possible effects of national historical settings on our findings. To the extent that these are fixed country effects, they are addressed by controlling for country.
In the transition from childhood to adulthood (phase 1), selection has very low explanatory power for all SES measures, which raises doubts about the influence of childhood health on education, occupation, or income in adulthood. Causation is only slightly stronger, and is mainly due to indirect effects via education. In the transition from adulthood to old age (phase 2) the explanatory power of selection remains weak, while causation is much stronger compared to phase 1 and compared to selection. This contradicts previous evidence that selection is especially important in older working ages, where many health problems start to become more prevalent, which influences the ability to work up into early old age and secure a high SES (Smith 1998 (Smith , 2003 . Unfortunately, due to lack of case numbers, our data do not permit further stratifications by age. Future research should investigate the role of selection in higher ages by separating those who still work from retired persons.
Our main differentiation into three types of SES measures did not reveal large differences. All three measures show the same results with respect to the broad observed changes over age. However, material wealth shows two slight deviations from the overall pattern, which is a confirmation of previous findings and our assumption that income reacts more to health than occupational position. However, the size of these differences between measures is small. We confirm that different dimensions of SES exhibit similar bi-directed relations to health over the life course, which gives some credibility to the fundamental cause hypothesis that has been tested more directly elsewhere (Mackenbach et al. 2015a ). Our findings do not confirm the special role of material wealth as an SES dimension that is heavily affected by health (Galama and van Kippersluis 2010; Martikainen et al. 2009 ). Different time frames matter for the role of material wealth and may be responsible for inconsistent findings in the literature.
In order to compare our findings with earlier research, three studies were selected that use similar age groups, indicators, and methods. The first study uses prospective data (n = 705) from the USA covering an age range of 41-88 years, corresponding only to our second life phase, and comparing the cross-lagged effects between two interviews in 1974 and 1994. It shows that both causal directions are present-causation slightly more than selection-and with only small gender differences (Mulatu and Schooler 2002) . They also use a latent variable for SES with the indicators education, family income, and occupation. In a sensitivity analysis they show that adding paths from income and education to health, as two separate resources that have effects beyond the effect of SES, does not change the main results. In our study, we prefer to directly compare three ways of measuring SES (latent variable, occupation, material wealth), because it is simpler and more informative for the question if different measures produce different results. Mulatu and Schooler provide evidence on mediators, e.g. differences in weight and sleeping behavior that seem to matter moderately in the process of health selection. Instead, we look at education as a mediator of effects between childhood and adulthood and show that it mediates causation more than selection.
The second study using Finnish registry data (n = 211,639) covering an age range of 17-66 years shows causation to be slightly more important than selection (Aittomäki et al. 2012) . Despite a large sample with high-quality register data, the indicator for health is limited to sickness allowances. This reflects absence from work due to sickness, but many other forms of poor health are not covered and, more importantly for a life course perspective, this definition of health cannot cover childhood and retirement ages.
The third study uses data from the US Wisconsin Longitudinal Study (n = 5290) which is a prospective study in the age range 18-65 years, that also contains retrospective information, and finds no evidence for health selection (Warren 2009 ). Like our results, Warren also finds no effect of childhood health on educational achievement. As mentioned above, Warren examines the robustness of the results for different health measures and finds no substantial differences between them. In a complementary fashion, our study examines different ways to measure SES, and does not reveal substantial differences between them.
We identified eight previous studies that not only compared social causation and health selection, but that traced different dimensions of socioeconomic position from childhood into adulthood in a life course perspective (Case et al. 2005; Eaton et al. 2001; Elovainio et al. 2011 Elovainio et al. , 2012 Huurre et al. 2005; Palloni et al. 2009; Power et al. 2002; Stansfeld et al. 2011) . Most of these studies ended in midlife. We summarize their main characteristics in Supplementary Table 2. Of the eight studies, three gave preference to social causation, two to health selection, one gave equal weight to both mechanisms, one said none was important and one did not draw a direct conclusion on the question. None of these studies directly compared different indicators for SES and none compared the results on the causal question between young and old age groups.
Some limitations to our approach are noteworthy: First, the fact that our data cover a long time span comes at the cost of using retrospective data that can be affected by recall bias (Smith and Thomas 2003) . To maximize accuracy in remembering the occurrence and temporal order of events in the life course, SHARE uses a life grid approach that visualizes the life course to the respondent in a calendar (Blane et al. 2007; Börsch-Supan and Schröder 2011) . Another advantage of retrospective data over many prospective cohort studies is that we have continuous yearly information on occupation from age 16 onwards. This allows us to average occupational skill level during midlife, which should reduce measurement error and recall bias. A problem remains if current health status influences the answers to the retrospective health status or SES. In this case, measurement error is no longer random, but systematic, and can bias the results in an unknown direction. However, in the measurement of health in old age, our modeling approach using a latent variable takes only the common variation of self-rated health and grip strength into account. This means that the objective health status in old age would need to influence the reporting behavior on childhood health status. We cannot rule out this possibility, but we think that it is much less likely than in studies only using a subjective indicator. If we do have differential measurement error due to current health status and this relates only to health, we would be overestimating the autoregressive parameters in the health equations. If current health status also influenced reporting of SES dimensions in childhood, we might also get indirect bias into the estimates of the social causation and health selection pathways. However, the indicators of childhood SES are mostly reports of simple objective items and therefore should be less prone to this systematic type of measurement error. Besides these principle concerns, there are studies demonstrating that retrospective reports on income or health are influenced and biased by current conditions, mostly making the past similar to the present (Schwarz 2007). However, several studies have also shown that the retrospective measurement of health and SES, including the SHARE data, is relatively valid (Garrouste and Paccagnella 2011; Haas 2007; Mazzonna and Havari 2011) . The remaining disadvantages of retrospective data need to be balanced with the fact that it enables the study of longer periods than in previous research based on prospective data (Adams et al. 2003; Stowasser et al. 2011) , and that retrospective data does not suffer from panel attrition (Corna 2013) . Second, our multiple indicators for SES and health show differences in the percentage of missing values. In general, survey data has high percentages of missing values, and this is especially prevalent in sensitive questions on financial resources. The highest percentage of missing values in our data is for the variable 'wages' (51.9%), one of the indicators for adult SES (see Table 1 ). All other variables have much lower numbers of missing values, for example occupation (18.3%) and income (11.4%). We performed a sensitivity analysis, excluding cases with missing wages, and found that this does not change the main results (Supplementary Figure 3) : In phase 2, two significant differences between causation and selection disappeared, for material measures among men and for SES measures among women, which is mainly due to the increase of the health selection effect. This points to the fact that those who are more tightly bound to the labor market (and therefore can report sufficient information on their wages in adult life) are more subject to health-related selection, as was argued in Kröger et al. (2015) . Some of these missing wages are from individuals who are primarily taking care of home and family. We thus conducted a second sensitivity analysis excluding 1241 women and 51 men who reported, for at least 75% of the years between ages 30 and 50, to have mainly worked in the household. This sensitivity analysis produced the same results as the main analysis (Supplementary Figure 4) . Third, the high percentages of good health in childhood and adulthood may produce imprecise estimates or it may even bias downwards the coefficients for social causation, because there is only little variance in health to be explained by SES. We concede that a different measure for adult health with more variance could have resulted in higher coefficients for social causation in Phase 1. On the other hand, the low prevalence of bad health in adulthood is not unrealistic and suggests that differences in childhood SES did not influence health in adulthood to a large extent.
Fourth, our analysis does not take mortality into account, which is a good health indicator, but logically cannot be used to predict changes in SES. We can only claim to study the surviving population. This might be selected, but we assume that, while selective mortality decreases health inequality in the surviving population, e.g. by impoverished, unhealthy people dying first, it does not systematically and substantially bias the comparison between social causation and health selection. Besides this, a general health-related participation bias might also apply to the SHARE sample in the sense that less healthy people are less likely to participate.
In conclusion, our data and analyses deliver valuable insight into the complex relationship between SES and health over the life course. Future improvements in the availability of comprehensive life course data would enable a more detailed analysis, a more accurate chronology of causes and effects, and better identification of policy-relevant mechanisms to tackle health inequality. In the absence of good observable variables for common background factors, it is crucial to start the observation as early as possible to avoid endogeneity bias. Causation and selection both contribute to health inequalities, but the main pathway is from SES to health, regardless of the exact SES variable used.
